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During  a  aeries  of  three  saturation  dives  performed  at  the  U.S,  Navy 
Experimental  Diving  Unit,  experiments  were  undertaken  to  cospare  tha  CO 2 
scrubbing  characteristics  of  two  new  Mark  11  C0^  absorbent  canister*  wi‘lh  the 
standard  canister  configuration,  and  to  investigate  the  ability  of  each  system 
to  support  sustained,  heavy  work  in  cold  water  to  depths  of  650  F$W. 

Canister  duration  studies  were  performed  on  the  three  C(f$  absorbent  (OVER)-' 
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cwtflgbritiou  at  depth*  of  430  and/or  650  FW.  Whan  compared  to 
•t cedar d  m  11  canister  performance,  the  central  haatad  corn  configuration 

Iwlth  ttoegel  valve*  (TO  979A)  demonstrated  markedly  longer  canister  duration 
at  450  FSW,  but  oily  slight  iBprwirt  at  630  TSW.  lovmr,  work  of 
breathing  and  Inspired  gaa  to mperaturas  were  greatly  Inprowad  at  both  depths* 
The  triple  pass  canister  configuration  deeonetrated  improved  duration  but 
I  unacceptably  high  breathing  resistance. 

Other  life  support  characteristics  such  as  thereal  protection,  inspired 
gas  temperature,  and  ware  adequate  to  deptha  of  650  FSV._^-The  large 
scatter  in  canister  breakthrough  data  coupled  with  limited  rahple  sice 
made  it  difficult  to  eatablish  high-confidence  operational  1'  lbs  for  the 
Mark  11  U3A  in  sny  of  the  tasted  configurations,  although  significant  overall 
advantages  were  demonstrated  for  the  central  heated  core  canister 
configuration  (PC  979A). 
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During  t  series  of  threa  saturation  divas  par for— d  at  tha  U.S.  Navy 
Experimental  Diving  Unit,  experiments  vara  undartaken  to  compare  tha  COj 
scrubbing  characteristics  of  two  nav  Mark  11  CO2  abaorbant  canlatara  with 
the  standard  caniatar  configuration,  ancl  to  invaatigate  tha  ability  of  each 
system  to  support  sustained,  heavy  work  in  cold  water  to  daptha  of  650  FSW. 

Can. later  duration  atudiaa  ware  parfor— d  on  tha  thraa  CO^  abaorbant 
caniatar  configuratlona  at  daptha  of  450  and/or  650  FSW.  Whan  compared  to 
standard  MK  11  caniatar  performance,  tha  central  heated  core  configuration 
with  Koegel  valvea  (FC  979A)  demonstrated  markedly  longer  caniatar  duration 
at  450  FSW,  but  only  alight  improvement  ait  650  FSW.  However,  work  of 
breathing  and  inspired  gas  temperatures  vere  greatly  improved  at  both  daptha. 
The  triple  pass  canister  configuration  demonstrated  Improved  duration  but 
unacceptably  high  breathing  resistance. 


Other  life  suooort  characteristics  such  as  thermal  orotectlon.  Inanlred 


gas  temperature,  and  PQ^  were  adequate  to  depths  of  650  FSW.  The  large 


scatter  in  canister  breakthrough  data  coupled  with  limited  sample  sire 
made  it  difficult  to  establish  hlgh-coc fldence  operational  limits  for  the 
Mark  11  lTBA  in  any  of  the  te  configurations,  although  significant  overall 
advantages  were  demonstrated  for  the  central  heated  core  canister 
configuration  (FC  979A) . 


INTRODUCTION 


Th«  M*rV  11  sami-dosed  iliad  |u  DBA  cad  uaoclatad  equipment  wi 
originally  designed  to  provide  coaplata  Ufa  support  and  thermal  protaction 
ror  saturation  divars  to  oparata  for  up  to  four  hours  in  28*V  (-2.2*0  water 
to  dapths  of  850  F5V.  Tha  Mark  11  diver  Is  tatharad  to  a  diver  support 
facility  by  an  umbilical  which  suppllas  braathing  gas,  hot  water,  and 
electrical  connections.  Hot  watar  is  routed  through  a  braathing  subsystaa 
(Figure  1)  where  it  versa  a  canister  containing  a  carbon  dioxide  absorbent 
bed,  and  then  to  a  thermal  protection  garment,  tha  Mark  16  or  HR.V  hot  watar  suits. 

During  nr  sal  semi-closed  circuit  operation,  braathing  gas  froa  tha 
umbilical  passes  through  an  absolute  pressure  regulator  block  into  an  inhala¬ 
tion  bag,  and  then  through  a  hose  connection  to  an  oronaaal  face  mask. 

Exhaled  gas  passes  from  the  oronasal  mask  via  a  hose  to  an  exhalation  bag. 

From  the  exhalation  bag,  most  of  the  exhaled  gas  flows  through  the  C02  t emoval 
canister  to  the  inhalation  bag  where  it  is  mixed  with  incoming  gas  from 
the  umbilical*  And  subsequently  rabreathed.  A  portion  of  tha  exhaled  gas 
does  not  pass  through  the  canister  but  is  exhausted  to  the  water  through  an 
attitude  sensitive  exhaust  valve  (cardioid  valve) . 


Diver  safety  features  Include  two-way  communication  equipment. 


sensor,  and  switchover  indication  equipment.  If  uablllcal  gas  supply 


pressure  drops  to  a  low  level,  the  absolute  pressure  regulator  admits 
breathing  gas  from  a  small  emergency  supply  in  the  back-pack.  If  the 
breathing  bags  or  canister  flood,  the  diver  can  switch  to  open  circuit  demand 
with  umbilical,  or  for  a  short  time,  emergency  gas  supply.  Therefore,  a 
normal  operating  mode  and  three  back-up  modes  are  available  to  the  diver 
(Figure  2). 
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A  nuabcr  of  paraaatars  affect  the  ability  of  a  dlvar  to  perform 
sustained  work  at  depth  while  divine  with  this  type  of  UBA.  One  of  the  moat 
important  of  these  parameters  is  the  Pcq^  in  the  inspired  gas.  The 
is  dependent  upon  gas  flow  rates,  CO2  absorbent  efficiency,  and  the  rate 
of  CO2  production  by  the  exercising  diver.  A  previous  evaluation  of  the 
Mark  11  UBA  in  four  feet  of  wafer  demonstrated  that  the  CO2  absorbent 
canister  appeared  to  absorb  CO2  efficiently  for  up  to  seven  hours  during 
prolonged  moderate  work  in  cold  water  (1).  However,  gas  flow  rates  through 
the  UBA  during  this  study  were  so  high  (up  to  16.4  actual  1pm)  that  much 
of  the  CO2  produced  by  the  exercising  diver  bypassed  the  canister,  and  was 
exhausted  through  the  cardioid  valve. 

Subsequent  manned  Mark  11  UBA  studies  at  depths  between  310  and  450  FSW 
demonstrated  Inadequate  carbon  dioxide  scrubbing  characteristics  in  35*F  water 
(2).  In  order  to  improve  the  life  support  capabilities  of  the  Mark  11,  two  new 
canister  prototypes  which  had  shown  promise  in  unmanned  testing  were  chosen 
to  undergo  manned  evaluations  to  depths  of  650  FSW  along  with  the  standard 
canister  during  a  series  of  three  saturation  dives  at  the  Navy  Experimental 
Diving  Unit. 

METHODS 

Three  saturation  dives  with  depth  duration  profiles  of  1000  FSW  for 
29  days,  650  FSW  for  23  days,  and  1800  FSW  for  37  days,  were  performed  in 
the  Ocean  Simulation  Facility  of  the  Navy  Experimental  Diving  Unit.  Each 
dive  involved  six  male  divers  in  good  physical  condition,  who  were 
conditioned  for  6  to  8  weeks  prior  to  the  dives  by  running  up  to  7  km  per 
day,  and  pedaling  up  to  200  watts  fer  10  minutes  dally  on  a  pedal  ergometer. 

One  of  the  divers  participated  in  two  of  the  dives. 
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The  tipariawti  war*  divided  into  two  phases ;  tits  first  phase  constated 
of  canister  duration  studies,  end  the  second  phase  consisted  of  graded 
exercise  studies.  Bach  of  the  three  canister  configurations  as  shown  In 
Figure  3  was  tested  at  630  FSV.  The  central  heated  cote  canister  configura¬ 
tion  was  also  tested  at  450  F5W.  This  configuration  included  replacement  of 
the  Mark  11  mask  eushrooe  valves  with  low  resistance  Keegel  valves,  and  was 
designated  field  Change  979A.  The  standard  canister  had  been  tested  previously 
at  450  FSW  (2). 

Breathing  gas  mixture  was  88/12  helium-oxygen  at  430  FSW,  and  95/5 
helium-oxygen  at  650  FJW.  Big  flow  rates  were  adjusted  for  an  average  Ctver 
oxygen  consumption  (Vq^)  of  2.0  lpm  with  a  maximum  Pq^  of  1.6  ATA,  and  a 
minimum  ?q^  of  0.4  ATA.  A  number  13  orifice  was  used  to  provide  minimum  gas 
loss  through  the  cardlold  valve.  Cmnlste?  rire  packed  with  3.0  to  3.3  kg 
of  High  Performance  Sodasorti  (W.  B.  Grace  Co.)  just  prior  to  each  canister 
duration  study. 


Gas  samples  from  the  canister  outlet,  canister  inlet,  ann  oronasal  mask 
were  monitored  for  Pq  and  Pcq^  with  a  mass  spectrometer.  A  small  diameter 
gas  sample  line  (l.d.  0.86  am),  as  designed  by  Thalmann  et  el  (3),  resulted 
In  little  gas  sample  mixing  and  good  frequency  response,  thereby  allowing 


interpretation  of  end  tidal  values.  In  addition,  diver  heart  rate, 

inspired  gas  temperature,  and  rectal  temperature  were  monitored,  and  oronasal 
differential  pressure  was  measured  with  a  modified  Vslidyne  pressure  trans¬ 
ducer.  These  parameters  were  recorded  oi  a  Gould  eight  channel  strip  chart 


recorder. 
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Dive  subjects  unrclHd  on  a  special  underwater  pedal  (rgoaitar  (3) 

Mounted  on  a  vertical  fraaa  placed  approximately  tea  feet  underwater,  taarelee 
schedules  for  canister  duration  and  grrded  exerclae  studiea  were  ae  outlined 
in  Table  1.  All  measurements  were  aade  during  the  final  Minute  of  each 
exercise  period,  after  steady  state  had  been  reached.  L  la  probable  that  thv 
actual  work  performed  to  overcone  the  combined  resistance  of  the  water,  there* 1 
garment,  and  ergonater  was  an  Much  as  1.5  tlaas  tha  indicated  load,  as  lasmrslon 
ha'j  been  estimated  tc  increase  the  work  of  cycling  by  25  to  50  watts  depending 
upon  the  garaent.  worn  (4,5). 

During  graded  exercise,  the  diver  con tinted  to  exercise  until  he  had 
completed  the  final  work  load  or  until  he  became  fatigued.  Work  cycles 
less  than  4  minutes  in  duration  were  not  included  in  tha  data.  Canister 
duration  studies  were  terminated  when  canister  effluent  CO^  reached  IX 
surface  equivalent  value  (SEV) .  Canlstar  breakthrough  was  defined  as  that 
point  in  time  when  canister  effluent  CO2  reached  0.5Z  SEV. 


All  dive  subjects  wore  the  Hark  11  Hod  0  UBA  with  an  uiabllical  length 
of  300  feet.  Wet  pot  temperature  was  maintained  within  2*F  of  35®F  (1.7*C). 


In  order  to  duplicate  situations  of  cold  breathing  gas,  a  special  gas  chiller 


ct  the  umbilical  source  designed  to  cool  inspired  gas  to  near  ambient 
tempe  ture  was  used  in  all  studies.  Diver  thermal  protection  was  provided 


by  an  NRV  hot  water  suit  or  a  Mark  16  hot  water  suit  with  flow  and  temperature 
adjusted  at  2.5  gallons  per  minute  and  not  greater  than  110*F  (43.3*C) 


at  the  diver. 


RESULTS 

Figure  4  is  a  graphic  depiction  of  typical  canister  breakthrough  curves 
for  the  three  tested  canister  configurations  at  a  depth  of  650  FSW.  A  typical 


curve  for  eh«  central  heated  core  configuration  at  430  FSW  is  also  ihom  in 
Figure  4,  All  of  the  curves  are  similar  in  shape ,  and  differ  only  at  the  point 
in  tine  at  which  peak  canister  effluent  CO2  levels  with  exercise  begin  to  riae. 

Table  2  tabulates  the  complete  set  of  manned  canister  duration  results 
for  all  canister  configurations  at  both  test  depths.  The  modified  canister 
with  a  central  heated  core  had  a  naan  duration  of  308  -  42  adnutes  at 
450  FSW  and  35*F  (1.7*0  water  temperature  for  six  divers.  This  wao 
significantly  better  than  the  standard  canister,  previously  found  to  have  a 
mean  duration  of  165  -  23  minutes  under  the  same  test  conditions.  However, 
at  650  FSW  and  35*F  (1.7*0  water  temperature,  the  central  heated  core 
configuration  had  a  mean  duration  of  160  -  62  minutes,  which  was  only  slightly 
higher  than  the  standard  canister  configuration  duration  of  128  -  36  minutes 
at  650  FSW.  The  triple  pass  canister  at  650  FSW  and  35*F  (1.7*0  had  the 
longest  duration  (271  -  65  minutes),  but  the  breathing  resistance  as  measured 
by  the  oronasal  differential  pressure  was  excessively  high  and  tended  to 
ii.-'.rcoss  as  the  canister  became  exhausted  (Figure  5)- 

Figure  6  graphs  mean  canister  duration  versus  depth  for  all  canister 
configurations  at  35*F  (1.7*0.  The  triple  pass  canister  was  only  tested  at 
650  FSW,  and  the  data  for  the  standard  canister  at  depths  shallower  than 
450  FSW  Is  from  a  previous  study  (2).  This  graph,  as  veil  as  Table  2, 
emphasises  the  great  variability  in  canister  duration  between  individual  divers 
at  the  same  depths,  and  it  shows  the  significant  decrement  in  mean  canlatar 
duration  with  increasing  depth  for  the  standard  and  central  heated  core  canisters. 
Unmanned  canister  data  indicates  an  additional  15-20%  decrement  in  canister 
duration  from  35*F  to  30*F  (-1.1*0  at  the  same  test  depths  (6). 
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Table  3  la  a  summary  of  the  graded  exercise  studios  from  all  three  divss 


Peak  end  tidal  P  valuen  (P  ) ,  oroneeal  differential  praaauras ,  lneplred 

C02  ^002 

gas  superstores,  and  heart  rates  are  tabulated  for  all  anletar  configurations 
and  work  rates  at  both  teat  depths. 


Peak  P  ,  as  Illustrated  by  Plgura  7,  increased  significantly  at 

CO2 


low  work  rates  from  rest  levels  and  then  tended  to  level  off  at  higher  work 
rates  at  650  FSW.  Peak  Pj 
canister  than  for  the  other  two  configurations  at  a  given  work  rate.  High 


l™,  was  significantly  higher  for  the  triple  pass 

CiC02 


minute  ventilation  did  not  result  in  elevated  inspired  s  secondary  to 

inadequate  gas  residence  time  in  the  canister,  as  inspired  V  did  not  exceed 

CO2 

0.4X  SEV  during  graded  eicercise  at  either  depth  or  for  any  canister 
configuration. 


Figure  8  graphs  oronasal  differential  pressure  versus  work  rata  for 
each  canister  at  650  FSW,  Oronasal  differential  pressure  Increased  with 
Increasing  work  rate,  und  was  so  high  in  the  triple  pass  canister  that  most 
divers  could  not  complete  the  150  watt  work  cycle.  The  oronasal  AP  for 
the  central  heated  core  canister  was  significantly  leas  than  for  either 
of  the  other  canisters  at  650  FSVr.  However,  direct  comparison  of  breathing 
resistance  between  the  central  heated  core  canister  and  the  other  two  canister 
configurations  was  not  possible  because  FC  979A  included  both  the  low  resistance 
Koegel  valves  and  the  central  heated  core.  These  two  Modifications  were  not 
man-teated  independently.  It  should  be  noted,  however,  that  only  using 
this  configuration  were  divers  able  to  complete  the  150  watt,  work  cycles. 


Mean  resting  inspired  gas  temperatures  were  8  to  22*F  above  ambient 
water  temperature,  and  increased  by  up  to  an  additional  9*F  during  maximum 
work  rates,  with  the  central  heated  core  canister  providing  the  highest  inspired 
gas  temperatures.  However,  divers  frequently  cot»plained  of  increased  upper 
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respiratory  secretions,  regardless  of  the  cenleter  type,  and  they  attributed 
the  symptoms  to  the  cold  breathing  gee.  Meet  loee  from  tho  rsepr  tory  tract 
was  probably  substantial,  but  not  sufficient  to  decrease  rectal  temperate* r 
during  moderate  lag  exercise. 

Inspired  P*  varied  between  1.2  end  0.4  ATA  during  graded  exorcise.  The 
2 

higher  Fq^  occured  during  rest  and  gradually  deer eased  to  the  lower  vwlue  as 
work  rats  was  increased  f row  50  to  150  watte. 

DISCUSSION 

The  physiology  of  sfaa'v  state  exercise  in  diving  la  complicated  by 
the  effects  of  Increased  gia  density  and  hyperoxla  (7).  Both  of  these 
conditions  are  associated  with  decreased  ventilatory  response  to  exercise 
and  C0^  retention  at  dapth  in  11 vara  even  when  they  ere  not  subject  to 
Increased  external  breathing  resistance.  Increased  gas  density  increases 
external  breathing  resistance  in  any  UBA,  which  tends  to  further  depress 

vent  iXuticia  • 


It  the  ability  of  the  diver  to  increase  ventilation  with  an  Increase  in 
metabolic  CO^  production  la  impaired,  arterial  and  tissue  PrQ^  rise.  This 
can  Invoke  a  number  of  undesirable  physiological  responses  including  Increased 
susceptibility  to  decompression  sickness,  oxygen  toxicity,  inert  gas  narcosis, 
reduced  exercise  capability,  and  depression  of  central  nervous  system  function  (9). 


This  problem  of  rising  P^q^  is  demonstrable  during  graded  exercise 
studies  when  P  rises  to  as  much  as  7.7Z  SEV  at  the  100  watt  work  load 

for  the  triple  pees  csnlatsr  at  650  FSV  ^.Figure  8) .  P_  i»  (git 

etco2 

to  approximate  arterial  P^.  slthough  th.  Pg^-P^  grsdisnt  in  diver. 
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still  requii'  i  Investigation.  Divers  ere  capable  of  working  with  elevated 

levels,  but  the  dyapner  associated  with  a  given  work  load  is  generally  greater 

than  at  normal  Pgg  levels,  and  end  tidal  P  levels  of  greater  then  71  SB? 

^  2 
are  highly  undesirable 

In  view  of  these  physiological  considerations,  elevated  inspired 

la  hazardous  to  the  diver.  Arterial  Pqq^  begins  to  rise  in  subjects  performing 

light  work  in  air  at  1  ATA  when  inspired  P„_  reaches  2.8X  SEV  (8).  This 

wi2 

data  and  the  shape  of  the  canister  breakthrough  curves  (figure  3)  support 
the  0.5X  SEV  CO^  canister  breakthrough  criterion,  as  canister  effluent  COj 
levels  rise  at  &  narked ly  increased  rate  once  this  value  is  reached,  and 
inspired  could  exceed  2.8%  SEV  within  a  few  minutes.  The  graded 

exercise  studies  did  net  demonstrate  high  inspired  P^g  at  high  work  rates 
in  any  canister  configuration,  provided  the  CO,,  absorbent  bed  remained  active. 

a> 

A  high  Inspired  P^q  during  heavy  exercise  would  have  indicated  inadequate  gas 
residence  time  in  the  canister  at  high  respiratory  minute  ventilation. 

The  Mark  11  canister  life  expectancy  in  all  tested  configurations  is 
highly  variable  from  diver  to  diver  and  decreases  substantially  with  depth 
and  cold.  A  significant  improvement  in  canister  duration  offered  by  the 
central  heated  core  canister  configuration  over  the  standard  canister  at 
450  FSW  is  offset  almost  completely  at  650  FSW.  This  may  represent  thermal 
failure  of  the  scrubbing  reaction  due  to  the  increased  heat  capacity  of  the 
dense  helium  at  the  deeper  depth,  as  breathing  gas  temperatures  are  shout  the 
same  for  this  canister  configuration  at  both  depths.  Longer  canister  duration 
at  650  FSW  is  obtainable  by  using  a  three  pass  canister,  however  the  breathing 
resistance  is  unacceptably  high  and  tends  to  increase  as  the  CO2  absorbent 
is  consumed. 


aw.  .  . 


Inspired  fas  temperatures  in  all  tested  configurations  asst  tha  ninisua 
standards  currently  required  by  the  U.S.  Kavy  Diving  Manual ;  however  tha  central 
heated  core  canister  provides  significantly  higher  breathing  gas  temperatures 
than  the  other  canisters.  Respiratory  heat  loss  Is  substantial  but  not 
sufficient  to  lever  rectal  temperatures  in  exercising  diver*  at  these  test 
depths.  Upper  respiratory  tract  symptoms  noted  In  some  cases  My  not  be 
solely  attributable  to  cold  Inspired  gas,  as  low  inspired  relative  hualdlty 
may  also  contribute  to  these  symptoms. 

Overall  improvement  of  the  life  support  capability  of  the  Mark  11  UBA 
is  greatest  when  tha  central  heated  core  canister  and  Koegel  valves  (PC  979A) 
are  employed.  In  spite  of  marginal  C02  scrubbing  characteristics  at  650  PSI*, 
this  canister  offers  s  significant  improvement  In  CO^  scrubbing  to  depths  of 
450  FSW,  as  well  as  a  varying  C02  scrubbing  advantage  between  450  and  650  FSV 
if  a  linear  interpolation  is  used.  Mcr?,  importantly,  PC  979A  significantly 
lowers  the  breathing  resistance  of  the  Mark  11  system,  and  raises  the 
breathing  gas  temperature  to  levels  which  enhance  diver  comfort  and  naxoty. 
However,  because  of  the  larger  scatter  in  canister  breakthrough  data  and 
limited  sample  size,  it  remains  difficult  to  establish  high  confidence 
operational  limits  for  the  Mark  11  UBA,  particularly  ac  depths  between 
450  and  650  FSW, 
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DEPTH (FSW)  CANISTER  CONFIGURATION  DIVER  CANISTER  DURATION 

AND  C02  ABSORBENT  (Min  to  0.51  C(^  SEV 


TABLE  2:  TABULATION  OF  MANNED  MARK  11  CANISTER  DURATION  STUDIES 

Wet  Pot  Water  Temperature  36*  ±  1*F  and  Canister  Inlet  Hot  Water  Temperature 
108  *  2*F  for  all  atudlea. 
t  Data  from  Reference  (2) 

wBigH  moisture  sodaaorb  does  not:  improve  manned  canister  duration  significantly. 


Canister  Work  Rate  (Watts) 


TABULATION  01’  MARK  11  GRADED  EXERCISE  WITH  D 


HELMET  SECOND  STAGE  EMERGENCY 

vfttVE  \  U  demand  regulator  manifold 


FIGURE  1.  HARK  11  BREATHING  SUBSYSTEM 
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A.  3EMtCL0SED*CMCUlT,  UMBILICAL- SUPPLIED  OPERATION 

i 
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B.  SEMICLOSEO  -  CIRCUIT.EMERGENCY  MANIFOLD  -  SUPPLIED  OPERATION 


•WITCMOVt* 

INO'CATON 

AtlCMLV 


D  OPES  -  CIRCUIT,  EMEROENCY  MANIFOLD  -  SUPPLIED  OPERATION 


*  constant  otrrc*CNTiAL  rNtsauRC 


FIGURE  2.  GAS  PLOW  DIAGRAM  IN  EACH  OPERATING  MODE 
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FIGURE  3.  MARK  11  CANISTER  CONFIGURATIONS  TESTED 
DURING  MANNED  EVALUATIONS 


TIME  (MINUTES) 


FIGURE  5  CANISTER  EFFLUENT  CO?  AND  ORONASAL  AP  VS  TIME 

FOR  TRIPLE  PASS  MK  M  CANISTER  AND  DIVER  I  AT  «50  FSW. 


MEAN  CANISTER  DURATION  (MINUTES  to  03%  COgSEV) 
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FIGURE  6:  MEAN  CANISTER  DURATION  VERSUS  DEPTH 
18%  MOISTURfc  HP  SODA  SORB  AT  88°  F(l  7*C)  AMO 
CANI.T  R  INLET  MOT  WATER  TEIOPCRATURE  (00*2*F  (4*.t*M*C). 
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FIGURE  ®:  OROWASAl.  AP  VERSUS  WORK  PATE  AT  MO  F3W. 
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